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bstract
Ibrahemia canal is one of the longest irrigation canals in Egypt. It starts at 400 m upstream of Asuit barrages and ends in Giza
rrigation General Directorate of 316.300 km length. The canal cross section is bounded in many reaches along canal length by
ailway line in right bank and Cairo-Aswan agriculture road in left bank. The canal passes through many cities and residential areas,
ts cross section is affected negatively due to interpenetrate with road section and railway lines. Wastes and deposits increase the
ontraction of canal cross section. The reach from km 122 to km 132 which located within El Menya City is one of the most critical
eaches owing to its length, complicity of maintenance and its effect on canal water hydraulic gradient. The objective of the study
s to introduce the most convenient maintenance program to improve the hydraulic efficiency of the studied reach and reduce the
oss in water levels along it, also to insure that the reach is capable of passing the required discharge to downstream reaches.
The canal cross sections were surveyed along the study reach, the flow velocities were measured and flow discharge was calculated.
he study reach was simulated using one dimension mathematical model (SOBEK 1D) to predict the change of hydraulic parameters
f the study reach after the execution of the suggested training programs. Finally four maintenance scenarios were suggested and
valuated hydraulically to improve the hydraulic efficiency of the selected reach of Ibrahemia canal.
 2013 National Water Research Center. Production and hosting by Elsevier B.V. All rights reserved.
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.  Introduction
The irrigation network is extended along the country. Railways, roads, and consequently residential areas were
stablished on the both network sides. Many reaches along this network are suffering from the side effects of these
ctivities. Ibrahemia canal reach from km 122 to km 132 downstream Ibrahemia intake barrage which is located within
l Menya City is suffering from contraction of its cross section area. The interaction between the railway line and
Cairo-Aswan) road with canal cross section, stake holder’s infringements, and falling of residential wastes inside the
anal cross section were the main reasons of the contraction of cross sections area.The study aims to identify the dimension and severity of the problem and to introduce the most applicable mainte-
ance program to improve its hydraulic efficiency. Many research activities were applied by The Channel Maintenance
esearch Institute research team; site inspection, field measurements, data analysis, and constructing mathematical
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model to simulate the study reach. These revealed that most of deposits in the study reach were concentrated in the
segment from km 123.250 to km 127.500. A maintenance program including the used equipment, implementation rate,
and cost was suggested. Many recommendations were introduced to improve and maintain the hydraulic efficiency of
the study reach.
The above investigation phases are presented in this paper under the following headlines:
• Reviewing the literature
•  Site investigation
• Field measurements
• Analysis of the results
•  Numerical simulation
2.  Reviewing  the  literature
Based on the revised literature, it was found that many researchers investigated methods of channel protection,
locally and worldwide. Among these researchers were, the following:
• Lane (1955) studied the changes in river morphology in response to varying water and sediment discharge.
• Leopold and Maddock (1953), Schumm (1971), Santos-Cayudo and Simons (1972), and Simon et al. (1982),
investigated channel response to natural and imposed changes. These studies revealed that: depths of flow and
channel width are directly proportional to water discharge, but channel slope is inversely proportional to water
discharge.
• Alauddin and Basak (2006), studied the development of an expansion transition in open channel sub critical flow.
• Chahar et al. (2007) studied the optimal parabolic section with free board.
• Blackler and Guo (2009) studied least – cost and most efficient channel cross sections.
• Casulli (1990), Stelling et al. (1998), Bishop and Catalano (2001), Verwey (2001), and Delft Hydraulics (2001)
outlined that a one dimension mathematical model (1-D models) could simulate the flow in the main channel. They
further suggested that two dimensional models could simulate the overland flow to produce a detailed inundation
simulation in time and space.
• Mohamed et al. (2013), studied of the problem contractions on El Ibrahemia canal in the reach from km 122 to km
132.
• Chow (1959), studied Open – Channel Hydraulics.
3.  Site  investigation
Several site visits were carried out in order to perceive a complete data picture study reach which is located inside El
Menia City from km 122 to km 132 downstream Ibrahemia barrage. During these visits, observations were documented,
photos were captured and measurements were undertaken. Based on site visits, the study area could be described, as
follows:
• Two main controlling structures were located inside the study reach; the first is El Menya old regulator at km 126.450
while the second is El Menia new regulator at km 132.000.
• The reach under study is suffering from contractions in its cross section area at many sites along the whole reach due
to wastes and deposits that fall inside the water course especially at the locations of garbage dumps on the canal’s
left bank.
• Storage railway lines of El Menya railway station which are interpenetrated with canal cross section.
• The farmers are used to widen the canal berms using the materials of excavation process to cultivate it which affectthe cross section area.
•  There are 21 crossing structures along the canal study reach for transmitting cars, walkers, and pipe lines between
the two canal sides. The pillars of these structures effect on the canal cross section especially when aquatic weeds
are gathered around it.
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•Fig. 1. Interference of garbage and dissenting buildings with water course.
 The canal cross section is extremely contracted at km 126.100 (El Mansoura bridge) the effect of this contraction
on canal water level could be easily recognized.
 The right side of the study reach from km 122.400 to km 123.200 is infested by ditch bank weeds, while the left
side is infested by submerged weeds.
The obstacles to flow in the study reach is shown in Fig. 1
.  Field  measurements
A field measurements programs was planned and executed. The field measurements program could be summarized
s follows:
 Carrying out a hydrographic survey of the study reach.
 Measuring the passing discharge through the study reach.
 Measuring the velocity along a vertical section near the banks.
 Measuring water surface levels along the study reach.
.  Analysis  of  the  results
.1.  Hydrographic  survey
The study reach of length 10.000 km was hydrographically surveyed using Differential General Positioning Systems
D.G.P.S) and echo sounder. A precise contour map was produced as shown in (Fig. 2). The change of study reach
orphology was identified. One hundred and eleven existing cross sections were deduced and compared with the
esigned ones. It was found that:
 The cross section’s deposition was concentrated in the reach upstream and downstream El Menya old regulator at
kilometric locations 126.100, 126.300, 126.350, 126.500, 126.550, and 127.250. The calculated deposition with
respect to the corresponding design cross section area were 47.9%, 40.17%, 34.21%, 35.64%, 38.81%, and 35.47%
respectively.
 Some of the studied cross sections showed side slope erosion collapses especially from km 122.000 to km 123.000
and from km 127.000 to km 132.000. The cross sections at kilometric locations 127.080, 127.800, and 128.300
showed maximum side slope erosion collapses. The percentages of side slope erosion calculated with respect to the
corresponding design cross section area were 9.24%, 14.77%, and15.40% respectively.
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Fig. 2. The result of the hydrographic survey of a segment of the study reach.
Fig. 3. Quantity of net deposits at different locations along the study reach.
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1Fig. 4. The concentration of deposition between km 123.250 and km 127.500.
 Some of the studied cross sections showed bed scour. The cross sections at kilometric locations 127.100, and 128.300
showed maximum scour. The calculated percentages of this scour with respect to the corresponding design cross
section area were 20.40%, and 30.46% respectively.
 Most of the studied cross sections showed net deposition. (Fig. 3) shows quantity of net deposits at different locations
along the study reach. The total deposition quantity along the study reach was 159,500 m3; most of this quantity
was concentrated in the reach between km 123.250 and km 127.500. (Fig. 4) shows that 80% of total deposition
quantity was concentrated in the specified reach.
.2.  Hydraulic  measurements
The hydraulic characteristics, velocity distribution, and passing discharge of three cross sections along the study
each were measured at km 122.000, 126.000, and 131.800. Which are; the upstream boundary of the study reach,
pstream El Menya old regulator, and upstream El Minya new regulator. Both of the two regulators were fully opened.
Table 1) shows both design and existing hydraulic parameters for the study reach. The flow discharge was generally
maller than the designed one. Its value ranged between 63.6% at km 126.000 and 65.3% at km 131.800 as a percentage
f the corresponding design discharge. The small values of flow discharge was due to that the measurements were not
pplied at maximum requirements period and high values of Manning‘s roughness coefficient of the study reach which
−1/3 −1/3anged between 0.039 m /s at km 122.000 and 0.030 m /s at km 131.800. The presence of many obstacles to flow
long the study reach and irregularity of its cross sections were the main reasons of Manning‘s roughness coefficient
igh values.
able 1
he existing and design hydraulic characteristics for study reach cross sections.
ocation (km) Hydraulic characteristics
Discharge
(m3/s)
Cross
section
area (m2)
Bed width
(m)
Water
depth (m)
Wetted
perimeter
(m)
Hydraulic
radius (m)
Water
surface
slope
(cm/km)
Mean
velocity
(m/s)
n  (m−1/3/s) Water
level
(m)
22.000
Design 117.65 178.66 35.00 4.01 52.93 3.25 6.00 0.68 0.025 40.62
Existing 75.17 136.66 34.93 3.03 49.37 2.77 12.20 0.55 0.039 40.05
26.000
Design 117.65 178.66 35.00 4.01 52.93 3.25 6.00 0.68 0.025 40.38
Existing 74.85 108.69 22.67 3.11 39.64 2.74 12.20 0.69 0.031 39.51
31.800
Design 112.63 147.69 34.00 3.73 47.45 3.11 8.00 0.76 0.025 39.50
Existing 73.57 115.32 40.51 2.54 49.24 2.34 12.16 0.64 0.030 38.81
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The water surface slope is steeper than the designed one due to increased head loses along the study reach.
The velocity distribution of vertical sections on canal sides in curved district at km 126.900 and effect of variation
of velocity values on cross section hydrography were studied. (Fig. 5) shows the comparison between the velocity
distributions of vertical section in both sides. The velocity values in right side was greater than that of left side, the
values of right side velocities for the vertical sections at distances (2.5 m, 5.0 m, and 7.5 m) from cross section side
were (0.52 m/s, 0.83 m/s, and 0.89 m/s) respectively. The corresponding velocity values for left side were (0.05 m/s,
0.41 m/s, and 0.71 m/s). This explains the existing scour in right side slope and deposition in left side slope.
6.  Numerical  simulation
The study reach between km 122.000 and km 132.000 was simulated using one dimension mathematical model
(SOBEK 1D). The model is built taking into consideration the actual surveyed cross sections (111 cross sections),
the operating system of the study reach and its 3 branch canals, different hydraulic structures inside the study reach,
and that both El Menya old and new regulators were fully opened. The model was calibrated using passing discharge
and water surface level measurements along the study reach. The discharge at km 122.000 was 75.17 m3/s while the
water level upstream El Menya new regulator was 38.81 m. Manning’s roughness coefficient was taken according to
the actual situation of the canal (0.033 m−1/3/s). The measured water levels were compared by the detected one from
the model. The levels seem to be congruent as shown in (Fig. 6).
Six scenarios were applied to the mathematical model of the study reach, in all scenarios the study reach was studied
under design condition (discharge at km 122.000 is 117.646 m3/s and water level upstream El Menya new regulator
is (39.49) m. In the first one, the existing cross sections with the presence of all hydraulic structures inside the study
reach was simulated. The second is to study the existing reach without simulating the hydraulic structures to identify its
effect on water surface profile. In the third scenario, the modified cross sections after removing deposits to achieve the
design cross section area were simulated. In the fourth scenario, the modified cross sections after removing deposits to
achieve the design cross section area for the segment from km 123.250 to km 127.500 only as it had 80% of the total
quantity of deposition were simulated. In the fifth scenario, the modified cross sections after removing deposits from
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ed and left side only were simulated. In the six scenarios, the modified cross sections after removing deposits from
ed and left side for the segment from km 123.250 to km 127.500 were simulated.
For the first scenario the flow velocities along the study reach ranged between 0.50 m/s and 1.17 m/s. The water
evel in the study reach ranged between (40.90) m and (39.49) m. The water surface slope was 13.87 cm/km for the
each from km 122.000 to km 126.450 and 12.69 cm/km from km 126.450 to km 132.000. The resulting water level
t the beginning of the study reach is higher than the designed one by 0.28 m. The water is overtopping the left berm
Fig. 7. Flow velocities when passing design discharge though existing cross sections.
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in the reach from km 125.000 to km 125.350. The existing canal cross section was not capable to carry the design
discharge efficiently. (Figs. 7 and 8) show the velocity and water level values along the study reach when applying this
scenario.
For the second scenario the flow velocities along the study reach ranged between 0.50 m/s and 1.19 m/s. The water
level in the study reach ranged between (40.87) m and (39.49) m. The water surface slope was 13.72 cm/km for the
reach from km 122.000 to km 126.450 and 12.33 cm/km from km 126.450 to km 132.000. The resulting water level at
the beginning of the study reach is higher than the designed one by 0.25 m. The existence of water structures increases
the head losses by 0.03 m.
Fig. 9. Flow velocities when passing design discharge though modified cross sections.
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For the third scenario the flow velocities along the study reach ranged between 0.67 m/s and 0.92 m/s. The water
evel in the study reach ranged between (40.61) m and (39.49) m. The water surface slope was 10.47 cm/km for the
each from km 122.000 to km 126.450 and 10.68 cm/km from km 126.450 to km 132.000. The resulting water level
t the beginning of the study reach is lower than the designed one by 0.01 m. (Figs. 9 and 10) show the velocity and
ater level values along the study reach when applying this scenario.
For the fourth scenario the flow velocities along the study reach ranged between 0.50 m/s and 0.91 m/s. The water
evel in the study reach ranged between 40.67 m and 39.49. The water surface slope was 10.39 cm/km for the reach
rom km 122.000 to km 126.450 and 11.47 cm/km from km 126.450 to km 132.000. The resulting water level at the
eginning of the study reach is higher than the designed one by 0.05 m.
For the fifth scenario the flow velocities along the study reach ranged between 0.67 m/s and 0.94 m/s. The water
evel in the study reach ranged between 40.67 m and 39.49. The water surface slope was 11.41 cm/km for the reach
rom km 122.000 to km 126.450 and 11.01 cm/km from km 126.450 to km 132.000. The resulting water level at the
eginning of the study reach is higher than the designed one by 0.05 m. (Figs. 11 and 12) show the velocity and water
evel values along the study reach when applying this scenario.
Fig. 11. Flow velocities when passing design discharge though study reach after removing deposit from bed and left side.
66 M.S. Abdelmoaty / Water Science 27 (2013) 57–68
Fig. 12. Water levels when passing design discharge though study reach after removing deposit from bed and left side.
Table 2
Comparing the six scenarios.
No. of
scenarios
Boundary condition Passing
discharge
Velocity Diff. in water
level at km
122 (m)
Water slope (cm/km)
Discharge at
km 122 (m3/s)
Water level
upstream El
Menya new
regulator (m)
Min. (m/s) Max. (m/s) From km122
to km 126.450
(cm/km)
From km
126.450 to km
132 (cm/km)
1
117.65 39.49 Design
0.50 1.17 0.28 13.87 12.69
2 0.50 1.19 0.25 13.72 12.33
3 0.67 0.92 -0.01 10.47 10.68
4 0.50 0.91 0.05 10.93 11.47
5 0.67 0.94 0.05 11.41 11.01
6 0.50 0.93 0.09 11.70 11.50
For the sixth scenario the flow velocities along the study reach ranged between 0.50 m/s and 0.93 m/s. The water
level in the study reach ranged between 40.71 m and 39.49. The water surface slope was 11.70 cm/km for the reach
from km 122.000 to km 126.450 and 11.50 cm/km from km 126.450 to km 132.000. The resulting water level at the
beginning of the study reach is higher than the designed one by 0.09 m. Table 2 shows the results of the different
scenarios.
Also, the model was used to deduce a relationship between the water level at the beginning of the study reach and
passing discharge under the condition that the water level at the end of the study reach is the design level (39.49) m.
Different values of passing discharge were passed at km 122.000 through the existing cross section and the resulting
water level was recorded. (Fig. 13) shows the relation between the passing discharge at km 122.000 and corresponding
water level. The following equation represents this relationship:
Q  =  70.867(W.L) −  2780.7
where:•  Q is passing discharge at km 122.000.
• W.L is water level at km 122.000.
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Fig. 13. Relation between the passing discharge at km 122 and water level.
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•With the condition that the water level at km 132.000 is (39.49) m
This equation enables the irrigation engineer from calculating the passing discharge by knowing the existing water
evel at the beginning of the study reach
.  Conclusion  and  recommendations
Based on the result of the analysis of the field measurements of the study, it was concluded that:
 The interaction between the railway line and (Cairo-Aswan) cultivated road with canal cross section, stock holders
infringements, and falling of residential wastes inside the canal cross section were the main reasons of the contraction
of study reach cross sections area.
 Most of the study reach cross sections showed net deposition, 80% of the deposited quantity was concentrated in
the reach between km 123.250 and km 127.500.
 The hydraulic characteristics of the study reach showed that the passing discharge was not exceeding 64% of the
corresponding designed one, Manning’s roughness coefficient was ranged between 0.039 m−1/3/s at km 122.000,
and 0.030 m−1/3/s at km 131.800, and the water surface slope is 12.2 cm/km.
 The study reach was simulated using (SOBEK 1D) mathematical model. Six scenarios were applied to the model.
The applied scenarios showed that removing the deposits to achieve the design cross section area (scenario No. 3)
will decrease the loss in head in the study reach by 29 cm while removing deposits from bed and left side only
(scenario No. 5) will give a reduction of 23 cm.
 It is recommended to be implemented scenario No. 5 to avoid applying maintenance activities in the right side of the
canal which is adjacent to railway lines. The resulting reduction in water level is acceptable compared with scenario
No. 3.
 It is recommended to implement a maintenance program based on using small hydraulic excavator mounted on
pontoon working inside the canal cross section and attached with floating container for collecting deposit. The
3deposits must be removed from bed and left side only. The total quantity of deposits is 115,77 m . It must be piled
on nearest berm to be lifted and transported. The expected rate of implementation (50–60 m 3/day). The expected
cost (12–15 L.E/m3).
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